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Abstract
Introduction. In patients who have undergone hematopoietic cell transplantation (HCT), the metabolic syndrome may develop 
without obesity defined by Body Mass Index (BMI). Aim of the study. The aim of the study was to compare body fat parameters 
measured using bioelectrical impedance (BIA) and using standard parameters of obesity in patients treated with HCT and healthy 
controls. Material and methods. We compared body fat (BF) and body fat percentage (BF%) measured using BIA in 44 patients 
before HCT and 28 patients after HCT, versus 26 controls. We also compared BMI and other BIA parameters in these groups of 
patients. Results. The differences in BF and BF% between the patients before HCT and controls were not significant, while both BF 
and BF% were significantly lower in patients after HCT than in the control group. No significant differences in standard clinical obesity 
parameters were found in the patients before HCT, and in the patients after HCT, compared with the controls. The differences in 
other BIA parameters between the patients before HCT and the controls were not significant, while in the patients after HCT some 
parameters were significantly lower. Conclusion. Significant differences in BF and BF% in the patients after HCT compared with 
healthy controls suggest that BIA may be useful in screening for body fat abnormalities in patients after HCT.
Key words
bioelectrical impedance, metabolic syndrome, obesity, transplantation
Streszczenie
Wprowadzenie. U pacjentów po przeszczepieniu komórek hematopoetycznych (hematopoietic cell transplantation – HCT) może 
dojść do rozwoju zespołu metabolicznego bez otyłości definiowanej na podstawie wskaźnika masy ciała (body mass index – BMI). Cel 
pracy. Celem pracy było porównanie parametrów tkanki tłuszczowej mierzonych metodą bioimpedancji elektrycznej (bioelectrical 
impedance – BIA) i standardowych parametrów otyłości u pacjentów leczonych HCT i zdrowych dzieci z grupy kontrolnej. Materiał 
i metody. Porównywano zawartość tkanki tłuszczowej (body fat – BF) i procentową zawartość tkanki tłuszczowej (body fat percentage 
– BF%) mierzone za pomocą BIA u 44 pacjentów przed HCT i 28 pacjentów po HCT, a także u 26 dzieci z grupy kontrolnej. Porównano 
również BMI i inne parametry BIA w powyższych grupach pacjentów. Wyniki. Różnice wartości BF i BF% pomiędzy pacjentami przed 
HCT i grupą kontrolną nie były istotne statystycznie, natomiast wartości zarówno BF jak i BF% były istotnie mniejsze u pacjentów po 
HCT w porównaniu z grupą kontrolną. Nie stwierdzono istotnych różnic w odniesieniu do standardowych klinicznych parametrów 
otyłości u pacjentów przed HCT ani u pacjentów po HCT, w porównaniu z grupą kontrolną. Różnice pozostałych parametrów BIA 
pomiędzy pacjentami przed HCT i grupą kontrolną nie były istotne statystycznie, natomiast u pacjentów po HCT wartości niektórych 
parametrów były istotnie niższe. Wnioski. Istotne statystycznie różnice w zakresie BF i BF% pomiędzy pacjentami po HCT i zdrowymi 
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Introduction
The metabolic syndrome (MetS) is one of the known late 
complications of hematopoietic cell transplantation (HCT), 
although the precise mechanisms of its development in patients 
treated with HCT are still unknown [1,2]. Obesity defined in 
terms of body mass index (BMI) is one of the components of 
MetS [3–6]. However, patients after HCT may have evidence 
of the increase in body fat or its abnormal distribution despite 
normal BMI [7]. Therefore, measurements of body fat may be 
a potential method for screening for MetS in patients after HCT. 
Bioelectrical impedance (BIA) is a safe, noninvasive diagnostic 
technique that may be used as such screening method [8].
Aim of the study
The aim of the study was to assess the usefulness of BIA 
as a diagnostic method in patients treated with HCT. For this 
purpose we compared body fat parameters measured using 
BIA with standard clinical parameters of obesity based on BMI 
in patients before and after HCT and in healthy controls.
Material and methods
Patients 
We conducted a prospective study including pediatric 
patients referred for HCT in the Stem Cell Transplantation 
Center of the University Children’s Hospital, Kraków, Poland, 
and then followed up in the outpatient clinic from June 2009 
to August 2012. The group assessed before HCT consisted of 
44 patients (31 boys and 13 girls; median age 9.7 years, SD 
5.3 years). All measurements were performed before the start 
of conditioning procedure in clinically stable patients receiving 
no intravenous fluids, corticosteroids, or any other agents that 
may have interfered with fluid volume or fat parameters. The 
group assessed after HCT consisted of 28 patients from the 
former group who remained in the follow-up after the procedure 
(21 boys and 7 girls, median age 10.1 years, SD 5.1 years). 
Measurements after HCT were performed after a median of 6 
months in clinically stable patients receiving no intravenous fluids, 
corticosteroids, or any other agents that may have interfered with 
fluid volume or fat parameters. The reasons for some patients of 
not being followed up were death during or after the procedure 
or not reaching the pre-specified interval between HCT and the 
time of the completion of the study protocol. The control group 
consisted of 26 healthy children (11 boys and 15 girls, median 
age 12.7 years, SD 4.2 years) with negative medical history and 
no features of acute or chronic disease at present.
The aim of the study was to compare body fat parameters 
measured using BIA with standard clinical parameters of body 
weight in patients treated with HCT and healthy controls, as 
well as to compare other BIA parameters in these groups of 
patients, and to assess the usefulness of BIA in this setting.
Parameters
We measured Body Fat (BF) and Body Fat Percentage 
(BF%) using BIA and compared them with standard clinical 
indicators of the body contents of adipose tissue: BMI, BMI 
Percentiles (BMIPerc), and BMI standard deviation (BMISDS) 
in patients before HCT, patients after HCT, and healthy 
controls. We also compared other BIA parameters: total body 
water (TBW), lean body mass (LBM) and extracellular water 
dziećmi z grupy kontrolnej sugerują, ze BIA może być użyteczną metodą badania przesiewowego pod kątem nieprawidłowości 
tkanki tłuszczowej u pacjentów po HCT.
Słowa kluczowe
bioimpedancja elektryczna, zespół metaboliczny, otyłość, przeszczepienie
Table I. Mean values and standard deviations (SD) of body fat parameters measured using BIA in patients before HCT and healthy 
controls










BF (kg) 11.8 [SD 17.9] 12.2 [SD 8.03] 0.912
BF% 18.6 [SD 14.8] 21.3 [SD 8.23] 0.389
BF – (body fat) zawartość tkanki tłuszczowej; BF% (body fat percentage) procentowa zawartość tkanki tłuszczowej; BIA (bioelectrical impedance) 
bioimpedancja elektryczna; HCT (hematopoietic cell transplantation) przeszczepienie komórek krwiotwórczych; SD (standard deviation) odchy-
lenie standardowe
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Table II. Mean values and standard deviations (SD) of body fat parameters measured using BIA in patients after HCT and healthy 
controls










BF (kg) 6.29 [SD 5.26] 12.2 [SD 8.03] 0.008
BF% 14.9 [SD 9.12] 21.3 [SD 8.23] 0.017
BF – (body fat) zawartość tkanki tłuszczowej; BF% (body fat percentage) procentowa zawartość tkanki tłuszczowej; BIA (bioelectrical impedance) 
bioimpedancja elektryczna; HCT (hematopoietic cell transplantation) przeszczepienie komórek krwiotwórczych; SD (standard deviation) odchy-
lenie standardowe
Table III. Mean values and standard deviations (SD) of BMI and BMI-related parameters in patients before HCT and healthy 
controls
Tabela III. Wartości średnie i odchylenia standardowe (SD) BMI i parametrów związanych z BMI u pacjentów przed HCT i zdrowych 









BMI (kg/m2) 19.0 [SD 4.21] 20.5 [SD 4.42] 0.171
BMIPerc 61.3 [SD 31.1] 67.3 [SD 27.6] 0.406
BMISDS 0.52 [SD 1.18] 0.71 [SD 0.84] 0.472
BMI – (body mass index) wskaźnik masy ciała; BMIPerc (body mass index percentile) percentyle wskaźnika masy ciała; BMISDS (body mass in-
dex standard deviation score) odchylenia standardowe wskaźnika masy ciała; HCT (hematopoietic cell transplantation) przeszczepienie komórek 
krwiotwórczych; SD (standard deviation) odchylenie standardowe
Table IV. Mean values and standard deviations (SD) of BMI and BMI-related parameters in patients after HCT and healthy controls
Tabela IV. Wartości średnie i odchylenia standardowe (SD) BMI i parametrów związanych z BMI u pacjentów po HCT i zdrowych 









BMI (kg/m2) 18.3 [SD 3.47] 20.5 [SD 4.42] 0.054
BMIPerc 53.0 [SD 35.4] 67.3 [SD 27.6] 0.108
BMISDS 0.37 [SD 1.26] 0.71 [SD 0.84] 0.263
BMI – (body mass index) wskaźnik masy ciała; BMIPerc (body mass index percentile) percentyle wskaźnika masy ciała; BMISDS (body mass in-
dex standard deviation score) odchylenia standardowe wskaźnika masy ciała; HCT (hematopoietic cell transplantation) przeszczepienie komórek 
krwiotwórczych; SD (standard deviation) odchylenie standardowe
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(ECW) in these groups of patients. To minimize the risk of 
measurement errors, all anthropometric parameters were 
measured by an expert anthropometrist employed in the 
Institute of Pediatrics.
Bioimpedance measurements
BIA measurements were performed in the morning, in a 
fasting patient placed in supine position, using multi-frequency 
(1; 5; 50; 100 kHz) BIA 2000M analyzer (Data Input, Hofheim, 
Germany) using BIANOSTIC electrodes (Data Input, Poecking, 
Germany). The electrodes were placed in the same locations 
in all patients. The amplitude of measurement current was 0.8 
mA. In all patients BIA measurements were performed after 
5-minute rest in the morning (8.00 am to 12.00 am). Body weight 
and height measurements were performed simultaneously.
Statistical analysis
Continuous clinical variables are presented as mean and 
standard deviation (SD) values. Categorical variables are 
presented as frequencies and percentages. The Shapiro–
Wilk test was used to assess the normality of continuous 
variables. To examine the differences between two/more than 
two independent groups Student’s t-test/analysis of variance 
(for normally distributed variables) or the Mann–Whitney/
Kruskal–Wallis test (for non-normally distributed variables) was 
used. Two-sided P-values <0.05 were considered statistically 
significant. 
Permanent Ethical Committee for Clinical Studies of the 
Medical College of the Jagiellonian University approved the 
study protocol. All parents, adolescent patients, and adult 
patients signed written informed consent before enrollment in 
the study.
Results
The differences in BF in patients before HCT compared 
with healthy controls were not significant (P value 0.912), as 
were the differences in BF% (P value 0.389). However, both 
BF and BF% were significantly lower in patients after HCT 
Table V. Mean values and standard deviations (SD) of body water parameters measured using BIA in patients before HCT and 
healthy controls
Tabela V. Wartości średnie i odchylenia standardowe (SD) parametrów gospodarki wodnej u pacjentów przed HCT i zdrowych 









TBW 22.4 [SD 9.07] 26.8 [9.10] 0.114 
LBM (kg) 30.6 [SD 12.6] 37.1 [SD 13.4] 0.105
ECW 13.7 [SD 14.8] 13.3 [SD 5.25] 0.886
ECW (extracellular water) woda zewnątrzkomórkowa; HCT (hematopoietic cell transplantation) przeszczepienie komórek krwiotwórczych; LBM 
(lean body mass) beztłuszczowa masa ciała; SD (standard deviation) odchylenie standardowe; TBW (total body water) całkowita woda ustroju
Table VI. Mean values and standard deviations (SD) of body water parameters measured using BIA in patients after HCT and 
healthy controls










TBW 19.0 [SD 4.21] 20.5 [SD 4.42] 0.171
LBM (kg) 61.3 [SD 31.1] 67.3 [SD 27.6] 0.406
ECW 10.1 [SD 3.96] 13.3 [SD 5.25]  0.039    
ECW (extracellular water) woda zewnątrzkomórkowa; HCT (hematopoietic cell transplantation) przeszczepienie komórek krwiotwórczych; LBM 
(lean body mass) beztłuszczowa masa ciała; SD (standard deviation) odchylenie standardowe; TBW (total body water) całkowita woda ustroju
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compared with healthy controls (P value 0.008 and P value 
0.017, respectively). The data are summarized in Tables I 
and II. 
No significant differences in BMI, BMIPerc and BMISDS were 
found in patients before HCT compared with healthy controls 
(P value 0.17, P value 0.406, and P value 0.472, respectively). 
The differences were also not significant for patients after HCT 
compared with healthy controls (P value 0.054, P value 0.108, 
and P value 0.263, respectively). The data are summarized in 
Tables III and IV.
The differences in TBW, LBM and ECW in patients before 
HCT and healthy controls were not significant (P value 0.820, P 
value 0.427, and P value 0.886, respectively). The comparison 
of patients after HCT and healthy controls revealed a 
significantly lower ECW in patients after HCT (P value 0.039) 
and no significant differences in TBW and LBM (P value 0.114 
and P value 0.105, respectively). The data are summarized in 
Tables V and VI.
No adverse effects of BIA measurements were reported. 
Discussion
In our prospective analysis of patients treated with HCT we 
found reductions in body fat parameters in patients after HCT 
versus a control group of healthy subjects. This difference was 
probably due to the effects of HCT, and it was not paralleled by 
similar differences in classical parameters of obesity related to 
BMI value.
Patients treated with HCT experience various early and late 
effects of this procedure that may affect their health [9]. While 
early adverse effects, related to the transplantation procedure 
and graft-versus-host disease, are clinically evident and usually 
require immediate management, the late effects (LE) of HCT 
may develop over years and may need appropriate screening 
to avoid overlooking [10]. Nevertheless, LEs may severely 
affect the health status, quality of life and survival in patients 
treated with HCT [9].
MetS is a well-known LE reported in childhood cancer 
survivors [11]. In various studies, prevalence of MetS in 
patients after HCT was increased and ranged from 7.5% to as 
much as 32% [1]. According to the IDF consensus, MetS is 
diagnosed on the basis of central obesity plus any two of the 
following: raised triglycerides, reduced high density lipoprotein 
(HDL) cholesterol, raised blood pressure, and raised fasting 
blood plasma glucose (or type 2 diabetes mellitus) [4]. MetS 
has a profound negative impact on general health, quality of 
life and survival of the patients [12–15]. This suggests that 
regular screening for MetS should be incorporated in the care 
of childhood cancer survivors with a history of HCT. 
BMI measurements and calculations of BMI-derived 
parameters, such as BMIPerc and BMISDS, are simple and 
noninvasive methods that may be used for such screening 
[16–18]. However, in patients after HCT, the development of 
the metabolic aberrations typical of MetS in the absence 
of obesity defined on the basis of high BMI was reported. It 
was found that patients after HCT may have increased body 
fat and/or abnormal fat distribution even when their BMI is 
within the normal range [7]. This points to the need of using 
other screening methods beyond the traditional BMI-based 
parameters. This can be accomplished by confirming the 
accumulation of visceral fat that is typical of MetS, using such 
techniques as magnetic resonance imaging (MRI), computed 
tomography (CT) or dual–energy X-ray absorptiometry (DEXA) 
[19–21]. However, the use of these techniques in daily practice 
is limited by their cost and/or radiation exposure. This has led 
to the attempts to identify a simple, noninvasive method that 
can be used for the screening, and BIA has been implicated as 
such technique, with some promising preliminary results [22]. 
Our results confirm that the parameters obtained using BIA 
may reveal alterations of body fat that are not reflected in BMI 
or in related parameters. Moreover, our analysis of other body 
composition parameters revealed that in patients after HCT the 
ECW values were significantly lower than in healthy controls. 
Body composition measurements using BIA provide data on 
the muscle to fat proportion, which is of crucial importance. 
This is achieved using a four-surface electrode BIA technique 
at stable 50 kHz frequency that provides information on ECW 
and its proportion to TBW [23]. Our own experience reveals 
that the HCT procedure is associated with major alterations 
in body water contents, most frequently in the form of fluid 
overload, which are seen within approximately one month 
after the procedure [author’s unpublished data, on file]. In the 
present study we found that, 6 months after the procedure, 
body water content was markedly reduced. These events were 
probably caused by compensatory mechanisms.  
Our study has limitations, mainly related to a relatively 
small group of patients, single-center design, and relatively 
short follow-up period, as components of MetS develop over 
years. Also, the study protocol included a limited number of 
parameters of body fat, while including other parameters like 
skinfold or waist circumference may have added more data to 
the analysis.
Conclusion
Our results suggest that patients treated with HCT should 
be screened for metabolic abnormalities associated with MetS, 
including alterations of body fat, and that the use of diagnostic 
methods other than routine BMI measurements may be 
justified. We found that BIA is a safe and noninvasive technique 
causing no adverse events, and we believe that it may be useful 
as a screening test in patients after HCT. To our knowledge, the 
literature lacks data on the use of BIA in this setting. Therefore, 
long-term studies including heterogeneous populations and 
longer follow-up periods are needed to confirm the possible 
role of BIA in the monitoring of patients treated with HCT. 
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